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Contrary to the assertion by Mogilevtsev and Shatokhin preceding paper, Phys. Rev. A 78, 016101 2008,
we show that the applicability of the Born-Markov master-equation approach in our treatment of the oscillator-
spin model depends on the physical situation under study. Heating effects do occur although they may not be
accurately captured by second-order perturbation theory inherent in the Born-Markov scheme.
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In their Comment, Mogilevtsev and Shatokhin 1 have
quite rightly drawn attention to our treatment 2 of the con-
stant term in the correlation function for the spin bath, how-
ever, the situation is more subtle than their criticism would
suggest and does not necessarily invalidate the application of
the Born-Markov approximation to this problem under cer-
tain physical circumstances.
The constant term C0 in the correlation function Eq. 17
in our original paper 2 results from the term in the envi-
ronment Hamiltonian that is a function of the “diagonal”
terms ˆz
i
. This is also the case in the quantum Langevin and
Feynman-Vernon influence functional approaches to this
problem. If these terms are zero, the constant term in the
correlation function is not present and the Born-Markov ap-
proximation can be applied as the correlation function does
indeed decay quickly under the usual physical circum-
stances. It would be surprising if the inclusion of these terms,
even if vanishingly small, immediately rendered the Born-
Markov approximation inapplicable.
In the other limit, in which these diagonal terms are the
only terms in the bath Hamiltonian, the central oscillator
simply sees the bath as a source of noise. The operators ˆz
i
can be replaced by classical random variables ni that take
values 1 with a distribution that derives from the thermal
distribution. Even so, this will lead to decoherence and heat-
ing of the central oscillator in general, but to see this one
must go beyond second-order perturbation theory. The rea-
son for this latter requirement is that, after taking account of
an overall average bias force on the oscillator, the contribu-
tion to second order is not random as ni2=1. A master
equation approach of the kind we have used however cannot
adequately capture this phenomenon.
Our claim that the constant term in the correlation func-
tion leads to heating is thus a little misleading. The ultimate
source of this term, the diagonal terms in the bath Hamil-
tonian, will indeed lead to heating, but this is not adequately
described by a Born-Markov master equation via a term pro-
portional to D0.
The Born-Markov approximation is not simply a matter of
ensuring that bath correlation functions decay to zero on a
time scale short compared to system variables. It also re-
quires the validity of second-order perturbation theory and
the factorization of the initial system-bath state at early
times. All these assumptions are interdependent and in the
end are only justified, post facto, by physically relevant fac-
tors.
We would also like to mention here that a similar model
to ours was analyzed some time ago by Cirac et al. 3. In
that work the heating of the vibrational degree of freedom of
a single trapped ion was studied in the Born-Markov ap-
proximation. However, while our Hamiltonian only has a ˆz
term in the coupling, i.e., it is diagonal in the state of the
bath, Cirac et al. couple the oscillator to ˆx but also have a
ˆz term in the Hamiltonian. Furthermore, they make the
rotating-wave approximation to the Jaynes-Cummings inter-
action for the two-level system and oscillator. They obtain a
master equation different from ours, in fact the standard
quantum optics master equation precisely because they im-
pose the rotating-wave approximation.
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